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DEVICE FOR PIVOTABIiY COIONECTING PAKTS OF Ml ORTHOPAEDIC 
DEVICE 



The invention relates to a device for pivotably 
5 connecting parts of an orthopaedic device, such as in 
particular a prosthetic knee for leg amputees. 

The use of multibar mechanisms to replace or assist the 
joint function in orthopaedic devices has already been 

10 knovm for some time and is widely used on account of 
the advantages of a mechanism of this type over the 
more conventional mechanisms with one fixed pivot 
point. These advantages include, inter alia, better 
following or simulation of the natural movement of the 

15 limbs compared to a single-axis mechanism, and enhanced 
and more easily controllable stability of the mechanism 
when it is subject to load, and these advantages are 
achieved by suitable selection of the dimensions and 
the position of the bars of the mechanism with respect 

20 to one another. Particularly when a multibar mechanism 
is used to replace or assist the knee function, the 
latter factor is of great importance. This is because 
it is desirable, at the start of a step, when the 
mechanism is extended, the heel comes into contact with 

25 the ground and the mechanism is loaded by the weight of 
the user, for the mechanism not to start to pivot 
immediately, since this would not provide the user with 
any support, and consequently the user would fall over. 
In a single-axis mechanism, this can only be prevented 

30 by using a complex, relatively unreliable braking 
mechanism- By contrast, in a multibar mechanism this 
property can be achieved, for example, by selecting the 
geometry in such a way that, in the extended state of 
the mechanism, the virtual rotation point eJ^out which 

35 the lower leg or the lower-leg prosthesis pivots lies 
behind the line which connects the two points of load 
(the heel and the hip joint) . 



Moreover, by suitably selecting the geometry of the 
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multibar mechanism, it is possible to* achieve the 
effect whereby the virtual rotation point, at the end 
of a step, is located in such a way that the prosthesis 
or orthesis can more easily be made to execute a 
5 f orwardly swinging movement • than a single-axis 
mechanism. The high level of stability which can be 
achieved at the start of the step, the swinging-back 
movement which is easy to generate and the possibility 
of, in a simple way, finding a good compromise between 
10 these two properties make the multibar mechanism 
eminently suitable for replacing or supporting a joint 
function. 

In applications of this nature, a kinematic multibar 
15 mechanism may exhibit initial yielding bending. This is 
desirable for some patients. 

Particularly in what is known as a "knee 
disarticulation" (amputation of the leg at the joint) , 
20 the existing devices have the drawback that the bending 
angle is insufficient. In addition, the thigh is 
unnaturally lengthened, which in the sitting position 
leads to an unnatural shape of the leg. 

25 It is an object of the invention to provide a device 
which has the following characteristic features: 

adjustability in order, if desired, to obtain a 
high level of stability when load is applied to the 
heel, 

30 - a decrease in the stability under front-foot 

loading at the end of the standing phase, so that the 
prosthesis can easily be made to swing, 

if appropriate, initial yielding, resulting in 
a damping action for the load on the prosthesis and 
35 therefore on the thigh stump, 

a very large maximum bending angle, 
a very minor lengthening in the position in 
which the prosthesis is bent through 90^, 

a cosmetically natural 90^ position, and 
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- siitqplicity of design and reliability in use. 

To this end, the invention provides a device, which 
device conprises a kinematic multibar mechanism with at 
least four bars, which bar mechanism allows a movement 
5 in the walking direction (L) , in which device: 

- a first bar can be connected to a first part of 
the orthopaedic device, such as a thigh socket, 

- a second bar can be rigidly connected to a 
second part of the orthopaedic device, such as a lower-- 

10 leg part, 

- a third bar, which is arranged at the front as 
seen in the walking direction (L) , is pivotably 
connected to the first bar and is pivotably connected 

to the second bar, 

15 _ a fourth bar, which is arranged behind the 

third bar as seen in the walking direction, is 
pivotably connected to the first bar and is pivotably 
connected to the second bar, in such a manner that the 
connection between the second bar and the fourth bar 

20 can be displaced along an in5)osed path, and 

- a centre part of the fourth bar, • lying between 
the two ends of the fourth bar, being connected to the 
third bar, in such a manner that the connection between 
the third bar and the centre part can be displaced 

25 along an imposed path. 

A device of this type according to the invention 
provides the required functionality and a relatively 
high stance flexion in combination with limiting a 
30 second degree of freedom of movement, which is easy to 
achieve. 

According to a preferred embodiment of the device 
according to the invention, the device contprises a 
35 fifth bar, which is pivotably connected to the fourth 
bar and to the second bar. 



Another preferred embodiment of the device according to 
the invention comprises a sixth bar, which is pivotably 
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connected to the fourth bar and to the third bar. 
The use of a fifth and sixth bar is preferred, since 
this creates a device which is of simple design and is 
reliable in use. 

5 

In yet another entoodiment of the device according to 
the invention, at least one of the connections which 
can be displaced along an imposed path is a tongue-and- 
groove connection. 

10 

In this case, the imposed path may, if appropriate, be 
circular . 

In a preferred embodiment of the device according to 
15 the invention, the pivot points between the sixth bar 
and the third and fourth bars lie at a distance from 
the ends of the third and fourth bars, respectively. It 
has been found that positioning the pivot points in 
this way allows the desired functionality to be 
20 achieved for a device which is used as knee pivot. 

In yet another preferred embodiment of the device 
according to the invention, the device comprises spring 
means which are arranged between two bars of the 

25 multibar mechanism. The spring means can be used, for 
example, to facilitate moving the lower leg forward at 
the end of the swinging phase. In addition, the spring 
means may also comprise damping means. This enables 
energy to be dissipated in the swinging phase, so that 

30 the device moves smoothly into the extended position. 
This increases comfort for the user. 

In one embodiment of the device according to the 
invention, the dimensions of the multibar mechanism are 
35 selected in such a manner that the device can be 
pivoted between the first, blocking position and a 
second position. The first, blocking position is 
intended to mean the position of the device in which 
stance flexion is achieved, while the second position 
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is intended to mean the position of the device in which 
swing flexion is possible. 

Preferably; the device is designed in such a manner 
5 that, during displacement of the vertical load on the 
device in the walking direction (L) , the device pivots 
out of the blocked position into the second position. 
This allows natural walking when using the device. 

10 * In yet another preferred embodiment of the device 
according to the invention, the device comprises at 
least one stop for stopping a bar in order to define 
the blocking position. It is preferable for the stop to 
be adjustable. This allows the action and functionality 

15 of the device to be adjusted. 

Furthermore, the device according to the invention may 
comprise spring means which act in the direction of the 
blocking position in order, at least in the blocking 

20 position of the device, to create a resilient, action 
between the first part and the second part of the 
orthopaedic device. In this case, it is preferable for 
the stop to be made from a resilient material. As a 
result, in the blocking position there is a resilient 

25 action which increases comfort. 

Finally, in an embodiment according to the invention, 
at least one of the bars may be of multiple design. 
This increases the torsional rigidity of the device. 

30 

These and other characteristics of the device are 
explained in more detail with reference to the appended 
drawings, in which: 

35 Figure 1 shows a perspective view of a thigh prosthesis 
using a device according to the invention, in this case 
designed as a knee pivot. 

Figure 2 shows a side view of the knee pivot shown in 
Figure 1, 



I 



wo 02/080825 



PCT/EP02/03588 



- 6 " 

Figures 3 a- 3c show three different positions of the 
knee pivot during a step, 

5 Figures 4a and 4b show the thigh prosthesis shown in 
Figure 1 in the sitting position. 

Figure 5 shows a second embodiment of a device 
according to the invention, 

10 

Figure 6 shows a third embodiment of the device 
according to the invention. 

Figure 7a to 7d diagrammatical ly depict various 
15 positions for fitting a resilient stop in a device 
according to the invention, 

Figures 8a-8c show various positions for fitting a 
resilient damper in a device according to the 
20 invention. 

Figure 1 shows a thigh prosthesis having a device 
according to the invention which is designed as a knee 
pivot 1. This knee pivot 1 comprises a multibar 
25 mechanism, in which means for securing to a thigh, such 
as a thigh socket 2, are arranged on the first bar 11. 
A lower-leg part 3 with an artificial foot 4 is 
arranged on a second bar 12 of the knee pivot 1. 

30 Figure 2 shows the knee pivot 1 according to the 
invention in more detail. It can be seen once again 
that the first bar 11 of the multibar mechanism is 
connected to the thigh socket 2 and that the second bar 
12 is connected to the lower-leg part 3. In the walking 

35 direction L, a third bar 13 is arranged pivotably at 
the front side between the first bar 11 and the second 
bar 12. Furthermore, a fourth bar 14 and a fifth bar 15 
are arranged behind the third bar 13, as seen in the 
walking direction L, which fourth and fifth bars 14, 15 



wo 02/080825 PCT/EP02/03588 

- 7 - 

are pivotably connected to one another on one side and 
on the other side are pivotable connected to the first 
bar 11 and the second bar 12, respectively. 

5 Finally, a sixth bar 16 is arranged pivotably between 
the third bar 13 and the fourth bar 14. The pivot 
points 17 and 18 of this sixth bar lie at a distance 
from the ends of the third bar 13 and the fourth bar 
14, respectively. The ends of these bars 13 and 14 are 
10 understood to mean the pivot points arranged at these 
ends. Furthermore, in the knee pivot 1 there is a 
danqper 5, which is connected, by means of a piston rod 
6, to one of the bars of the bar mechanism, in this 
case to a fourth bar 14. 

15 

A stop 19 is fitted in order to limit the travel of the 
bar 15. 

The operation of the knee joint 1 according to the 
20 invention is explained in more detail with reference to 
Figures 3a to 3c . 

Figure 3a shows the position of the knee pivot 1 when 
the thigh prosthesis is at the start of the step, i.e. 

25 the position in which the artificial foot 4 is situated 
in front of the other foot. The vertical load B acting 
on the knee joint 1 lies behind the knee joint 1, as 
seen in the walking direction L. The fifth bar 15, and 
therefore the entire mechanism, is now in the blocked 

30 position, with the result that the knee pivot 1 is 
fixed and the thigh prosthesis can commence the step. 

Figure 3b shows the position in which the vertical load 
B acting on the knee joint 1 has shifted to in front of 
35 the knee joint 1. This position preferably corresponds 
to the situation in which the vertical load vector B 
intersects the front side of the artificial foot 4. 
This corresponds to the situation in which the user is 
standing on the ''ball of the foot". At this moment, the 
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fifth bar 15 pivots out of the blocked position, as 
shown in Figure 3a, into a second position. 

Figure 3c shows the fifth bar 15 in the second 
position, so that the lower-leg part 3 can enter the 
swinging phase. At this time, the artificial foot 4 is 
no longer in contact with the gro\and and the thigh 
prosthesis can be swung into the position which 
correspond to that shown in Figure 3a. 

Figures 4a and 4b show the sitting position of the knee 
pivot 1. A characteristic feature of the knee pivot 1 
according to the invention is that, in the sitting 
position of the device, it adopts a shape which is such 
that the appearance of the leg with the prosthesis 
corresponds to that of a leg without prosthesis. It is 
clearly evident from Figure 4b that the third bar 13 of 
the knee joint 1 runs virtually parallel to the front 
side of the lower-leg part 3. 

Figure 5 shows a second eiribodiment 20 of a device 
according to the invention. This device largely 
corresponds to the knee pivot 1 shown in Figure 1. 
Therefore, identical parts are provided with identical 
reference numerals. It is clearly apparent that a first 
bar 11 is connected to a thigh prosthesis, while a 
second bar 12 is connected to a lower-leg part 3. A 
third bar 13, which is pivotably connected at each end, 
runs between this first bar 11 and second bar 12. 
Furthermore, a fourth bar 14 is arranged pivotably on 
the first bar 11, the other end of which fourth bar 14 
is pivotably connected to a fifth bar 15, which in turn 
is connected to the second bar 12. Also, a sixth bar 16 
runs between the fourth bar 14 and the. third bar 13. 

The difference from the device shown in Figure 1 is 
that, instead of pivot pins, in this case ball-and- 
socket joints 21 are used to pivotably connect the 
fifth bar 15 and the sixth bar 16. The advantage of 
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these ball-and-sockets joints is that the mechanism 
will still operate despite any manufacturing 
tolerances. In fact, if a device 1 as shown in Figure 1 
is not manufactured with sufficient accuracy, there is 
5 a risk that the mechanism will fail to operate 
entirely. 

Figure 6 shows a third embodiment of a device according 
to the invention. In this case too, identical parts are 

10 denoted by identical reference numerals. The difference 
from the two embodiments 1 and 20 above is that there 
are no fifth and sixth bars. Instead, the fourth bar 14 
is connected to the second bar 12 by means of a tongue- 
and-groove connection. This tongue-and-groove 

15 connection conrprises a tongue 31, which is arranged at 
the end of the fourth bar 14, and a curved groove 32 
arranged in the second bar 12. 

Furthermore, the fourth bar 14 is connected to the 
20 third bar 13 by means of a tongue-and-groove 
connection. For this purpose, a second tongue 33 is 
arranged on a centre part of the fourth bar 14 and runs 
in a groove 34 arranged in the third bar 13. 

25 It will be obvious that where the tongues 31 and 33 are 
arranged, they may be replaced by a groove, while the 
grooves 32, 34 are replaced by a tongue. 

Figures 7a to 7d diagrammatically depict a device which 
30 corresponds to the knee pivot 1 shown in Figure 1. 
Therefore, identical parts are once again denoted by 
identical reference numerals. These four figures show 
four different positions for a resilient stop which 
comprises- a stop part 40 and a resilient element 41. As 
35 is shown in the figures, this resilient stop may, for 
example, be arranged between the second bar 12 and the 
fifth bar 15 (Figure 7a) , between the fourth bar 14 and 
the sixth bar 16 (Figure 7b) , between the first bar 11 
and the fourth bar 14 (Figure 7c) or between the third 
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• bar- 13 and the sixth bar 16 (Figure 7d) . However, the 
design shown in Figure 7a is preferred. 

Figures 8a to 8c show various positions for a resilient 
5 damper. In this case too, the bar mechanism corresponds 
to the mechanism of the device shown in Figure 1, and 
therefore identical parts are once again denoted by- 
identical reference numerals. The resilient damper is 
diagrammatically indicated by a damping element 42 and 

10 a spring 43. This assembly 42, 43 may, for example, be 
positioned between the second bar 12 and fifth bar 15 
(Figure Ba) , the fourth bar 14 and the second bar 12 or 
with the lower- leg part 3 arranged fixedly thereon 
(Figure 8b and 8c) , The diagrammatic structure shown in 

15 Figure 8b corresponds to the knee pivot shown, in Figure 
1 and is therefore preferred. 
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CLAIMS 

1. Device for pivotably connecting parts of an 
orthopaedic device, such as in particular a prosthetic 
5 knee for leg amputees, which device comprises a 
kinematic multibar mechanism with at least four bars, 
which bar mechanism allows a movement in the walking 
direction (L) , in which device 

- a first bar can be connected to a first part of 
10 the orthopaedic device, such as a thigh socket, 

- a second bar can be rigidly connected to a 
second part of the orthopaedic device, such as a lower- 
leg part, 

- a third bar, which is arranged at the front as 
15 seen in the walking direction (L) , is pivotably 

connected to the first bar and is pivotably connected 
to the second bar, 

- a fourth bar, which is arranged behind the 
third bar as seen in the walking direction, is 

20 pivotably connected to the first bar and is pivotably 
connected to the second bar, in such a manner that the 
connection between the second bar and the fourth bar 
can be displaced along an imposed path, and 

- a centre part of the fourth bar, lying between 
25 the two ends of the fourth bar, being connected to the 

third bar, in such a manner that the connection between 
the third bar and the centre part can be displaced 
along an imposed path. 

30 2. Device according to Claim 1, wherein the device 
comprises a fifth bar, which is pivotably connected to 
the fourth bar and to the second bar. 

3. Device according to Claim 1 or 2, wherein the 
35 device comprises a sixth bar, which is pivotably 

connected to the fourth bar and to the third bar. 

4. Device according to Claim 1 or 3, in which at 
least one of the coixnections which can be displaced 
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along an imposed path is a tongue- and-groove 
connection. 

5. Device according to one of the preceding claims, 
5 in which the imposed path is a circular path. 

6. Device according to Claim 3, in which the pivot 
points between .the sixth bar and the third and fourth 
bars lie at a distance from the ends of the third and 

10 fourth bars, respectively. 

7. Device according to one of the preceding claims, 
comprising spring means which are arranged between two 
bars of the multibar mechanism. 

15 

8. Device according to Claim 1, in which the spring, 
means comprise damping means. 

9. Device according to one of the preceding claims, 
20 in which the dimensions of the multibar mechanism are 

selected in such a manner that the device can be 
pivoted between a first, blocking position and a second 
position. 

25 10. Device according to Claim 9, in which, when the 
vertical load of the device is displaced in the walking 
direction (L) , the device pivots out of the blocked 
position into the second position. 

30 11- Device according to Claim 9 or 10, comprising at 
least one stop for stopping a bar so as to define the 
blocking position - 

12. Device according to Claim 11, in which the stop is 
35 adjustable. 

13. Device according to Claim 9, 10 or 11, comprising 
spring means, which act in the direction of the 
blocking position, for creating, at least in the 
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blocking position of the device, a resilient action 

between the first part and the second part of the 
orthopaedic device. 

5 14 . Device according to Claims 11 and 12 , in which the 
stop coinprise.s a resilient material - 



15. Device according to one of the preceding claims, 
in which at least one of the bars is of multiple 
10 design. 
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